Inhibition performance of copper carbonate (CuCO 3 ) in carbon dioxide (CO 2 ) absorption process using monoethanolamine (MEA) was investigated by conducting electrochemical corrosion experiments. It was found CuCO 3 performs well under service conditions. Corrosion rate of carbon steel is held below 0.254 mmpy and its inhibition efficiency is at least 80%. The performance of CuCO 3 is affected by process parameters, i.e. partial pressure of oxygen (O 2 ), CuCO 3 concentration, CO 2 loading in solution, solution velocity, temperature, monoethanolamine concentration, cleanliness of the metal surface and degradation products of amine solutions.
Introduction
Corrosion is one of the most severe operational problems in the CO 2 absorption process using aqueous solutions of alkanolamines. Although a number of corrosion inhibitors have been used for corrosion prevention and control, the inhibitors such as arsenic, antimony and vanadium are toxic to humans and environment. There is now a need to find a low-toxic corrosion inhibitor that can replace the current high-toxic corrosion inhibitors. In this work, copper carbonate (CuCO 3 ) was chosen as a potential low-toxic corrosion inhibitor for the CO 2 absorption process since our previous work [1] reveals a promise of CuCO 3 in suppressing corrosion to an acceptable level. However, such results are preliminary and do not provide a full understanding of inhibition behavior. Further research work is required to explore the use of CuCO 3 under a wider range of operating conditions. The objectives of this work were therefore to evaluate the inhibition performance of CuCO 3 under service conditions of CO 2 absorption using aqueous MEA solution and to gain an understanding of its inhibition mechanism. The inhibition evaluation was performed by examining parametric effects on the corrosion rate and corrosive behavior of carbon steel, the most common material for plant construction. The tested parameters include the presence of oxygen (O 2 ), concentration of CuCO 3 , concentration of alkanolamine solution, solution temperature, CO 2 loading in solution, O 2 partial pressure in the feed gas, solution velocity and the presence of degradation products. Tested conditions of these parameters are given in Table 1 . Figure 1 illustrates the experimental setup for the electrochemical corrosion tests used in this work. It consisted of a 100 ml double-walled corrosion cell (Model 636-ring disk electrode (RDE) assembly, Princeton Applied Research, USA), a water bath with a temperature controller, a gas supply set connected to flow meters, a condenser, a rotator with a speed controller, a potentiostat and a data-acquisition system. The corrosion cell was a threeelectrode assembly with a cylindrical working electrode with a surface area of 3.0 cm 2 , an silver/silver chloride (Ag/AgCl) reference electrode and a platinum (Pt) counter electrode. The working electrodes were made of carbon steel 1018 with a chemical composition of 0.175% carbon, 0.75% manganese and balance iron. They were cylindrical in shape with a height, outside diameter and center hole diameter of 0.80, 1.20 and 0.60 cm, respectively. The working electrodes were prepared by wet grinding with 600 grit silicon carbide papers and deionized water, and then degreased with high purity methanol and dried with hot air water in accordance with the ASTM standard G1-90 [2] . Prior to the electrochemical experiments, the experimental setup and procedure were validated by performing potentiodynamic anodic polarization and conforming to the ASTM practice G5-94 [3] . During experiment, the corrosion cell was purged with nitrogen (N 2 ) gas to de-aerate the test solution. The open circuit potential was recorded until it reached steady state at the corrosion potential with ±1 mV between successive readings. A potentiodynamic cyclic polarizations scan was initiated with a scan rate of 0.166 mV/s. When the experiment was complete, the data were saved. The pH and temperature were measured again at the end of the experiment. The Tafel extrapolation method was used to estimate corrosion current density (i Corr ), which was subsequently converted to corrosion rate.
Experiments
where CR is corrosion rate in mmpy, E.W. is equivalent weight of specimen in g/equivalent, A is area of working electrode in cm 2 , and D is density of the specimen in g/cm 3 . Results are summarized in Table 2 . 
Results and discussion

Effect of O 2 :
An increase in O 2 partial pressure decreases passive current density, thus decreasing corrosion rate and increasing inhibition efficiency. The presence of O 2 eliminates pitting tendency, which is exhibited in the de-aerated system. Thus, O 2 is necessary for the corrosion inhibition by CuCO 3, as it helps prevent the metallic copper from plating out on the metal surface through the conversion of Cu + to Cu 2+ as shown below [4] .
Based on polarization data and Pourbaix diagram, the following is a corrosion mechanism in the presence of CuCO 2 
Effect of CuCO 3 concentration:
An increase in CuCO 3 concentration up to 250 ppm makes the anodic polarization curve to shift to a more noble corrosion potential and a lower passive current density. As a result, the corrosion rate decreases and in turn the inhibition efficiency increases. However, a further increase in the CuCO 3 concentration causes the polarization curve to shift to a greater passive current density reflecting a greater corrosion rate and a lower inhibition efficiency.
Effect of solution velocity:
An increase in solution velocity does not cause an apparent change in the anodic passive current density, but causes the cathodic reactions to proceed faster due to the greater flux or mass transfer rate of oxidizers to the metal surface. The absolute values of corrosion rates, under flow conditions, are within the acceptable level (<0.25 mmpy), and the inhibition efficiencies are more than 80 %. As such, it is evident CuCO 3 can perform well under flow conditions. Effect of solution temperature: CuCO 3 performs well in both low and elevated temperatures. The carbon steel specimens at 40 and 80 o C passivate, thus decreasing the corrosion rates to below an acceptable level (<0.254 mmpy) and yielding inhibition efficiencies of more than 80%. Note that the metal passivation due to CuCO 3 at the lower temperature takes longer than at the elevated temperature. This is attributed to the temperature dependency of reaction rates or rate of film formation.
Effect of CO 2 loading: CuCO 3 inhibits both low and high CO 2 -loaded systems with more than 80% efficiency and with a corrosion rate below the acceptable level (<0.254 mmpy). Higher CO 2 loading leads to a greater corrosion rate in the presence of CuCO 3 . This is due to the increase in concentrations of oxidizers (bicarbonate ion (HCO 3 -) and hydrogen ion (H + )) in the MEA-H 2 O-CO 2 environment, which cause rates of oxidizer reduction to increase.
Effect of MEA concentration: CuCO 3 performs well in concentrated MEA solutions. The corrosion rates of carbon steel are reduced by CuCO 3, below the acceptable level (<0.254 mmpy) for MEA concentrations up to 7.0 kmol/m 3 . It should however be noted at 9.0 kmol/m 3 MEA concentration, CuCO 3 does not effectively inhibit carbon steel. The concentration of CuCO 3 (250 ppm) may be insufficient to raise the system's corrosion potential to the passive region and produce a stable passive film.
Effect of degradation products:
The presence of degradation products induces higher passive current densities, reflecting higher corrosion rates and lower inhibition efficiency. CuCO 3 effectively inhibits corrosion in the presence of degradation products with the aid of O 2 . The presence of O 2 eliminates the pitting tendency for all other degradation products, except thiosulfate. CuCO 3 does not reduce corrosion of carbon steel in the solution containing NaCl to an acceptable level. This may be due to the attack of passive films by Clions.
Effect of precorrosion:
CuCO 3 performs well for all tested precorrosion durations of up to 28 days. Corrosion rates remain the same up to 14 days and start to increase after 14 days. At 28 days the corrosion rate doubles that of 14 days, but still well below the acceptable corrosion rate (<0.254 mmpy). The inhibition efficiencies are more than 92% and remain unchanged. This suggest CuCO 3 could perhaps be applied to existing plants without pre-cleaning of the equipment surface, making the use of CuCO 3 more practical and attractive.
Conclusions
CuCO 3 performs well and offers a satisfactory corrosion inhibition under typical service conditions for the CO 2 absorption process. It has the ability to reduce the corrosion rate of carbon steel below 0.254 mmpy with an inhibition efficiency of at least 80%. Dissolved O 2 is necessary for preventing pitting corrosion. Increasing the CuCO 3 concentration enhances its inhibition performance, but not when the CuCO 3 concentration exceeds 250 ppm. Increasing the solution velocity or MEA concentration raises the corrosion rate of carbon steel, requiring higher concentration of CuCO 3 . CuCO 3 performs well at both low and elevated temperatures and CO 2 loading. The inhibition performance of CuCO 3 is however reduced with degradation products.
